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Physignathus sp. and Sulcatidens quadratus gen. et. sp. nov. have been identified from a
series of some 30 agamid jaw fragments recovered from the Riversleigh fossil beds. One
specimen (dentary QM F18004) has a healed fracture.

The presence of Physignathus confirms a strong Asian influence in the composition of the
Australian lepidosaur fauna as early as the Miocene. It also suggests that the Riversleigh
area was well-watered at that time. Of the eight Australian Miocene lepidosaur genera, six
survive. Sulcatidens and Montypythonoides are extinct.

Examination of the type specimens of the extant Phiysignathus cocincinus of Southeast Asia
confirms that the Australia- 7Papua New Guinean P. lesueurii is properly assigned to the
genus Physignathus. [ Sulcatidens, Physigndathus, Riversieigh, Agamidae, Miocene.
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Fossils from freshwater limestones of
Riversleigh Station, northwestern Queensland
(c.19°02°S,138°45'E) were first reported near
the turn of the century, but no serious work on
them was undertaken until the 1960s. Intensive
collection of this deposit began in the late 1970s
with team work led by Dr Michael Archer (of the
University of New South Wales; Archer, Hand
and Godthelp, 1986). What is known of the
Riversleigh stratigraphy and palaeoecology is
summarized by Archer, Godthelp, Hand and
Megirian (1989).

The rich fossil fauna includes fish, frog, reptile
(crocodile, turtle, lizard, python), bird, mar-
supial (bandicoot, dasyurid, potoroid,
phalangerid) and placental (bat, rodent) remains
(Flannery, Archer and Plane, 1983; Hand, 1982,
1985). Studies of the fauna continue in many
groups, including arthropods and snakes (typh-
lopids, elapids). Reviews and descriptions of
some of these groups have been published (e.g.
Smith and Plane, 1985; Hand, 1985; Archer and
Flannery, [985; and references therein). From
comparisons with other fossil faunas of known

age, it has been suggested that the Riversleigh
deposit yiclding the material described herein is
of Miocene age (Archer and Bartholomai, 1978;
Archer, 1981; Godthelp, pers. comm.).
Amongst material recovered are some 30
fragments of agamid skulls. Agamids are readily
distinguished 1n having fixed, acrodont tecth
which can be differentiated into ‘incisors,
canines and molars’ (Boulenger, 1885). Agamid
dentition and other distinctive characters are
ably summarized by Boulenger (1885) and Estes
(1983b). Modern Australian agamid maxillae
and dentaries are illustrated in Fig. 1. The
Riversleigh agamid material is small sized and
in delicate condition. These fragments have been
compared with small samples of all but one of
the extant Australian genera of agamids. Not
available to us is Cryptagama Witten 1984,
(Cryptagama aurita, the type and only species,
most closely resembles Ctenophorus clayi,
another small cryptic dragon (Witten, un-
published data)). The fossils have also been com-
pared with a range of agamids from other
continents, cither through the literature (e.g.
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FIG. 1. Maxillae (left) and dentaries (right) from modern Australian agamids. (a) Physignathus lesueurii x1.5
(OM J26671). (b) Diporiphkora bilincata x3, (QM J11141); (¢} Hypsilurus spinipes x1.5 (OM J45306); (d)
Pogona barbata x1.5 (OM 123950); (e) Chamydosaurus kingit x1.5 (QM 145307): () Chelosania brunnea
x3 (WAM RJ1565); (g) Caimanops amphiboluroides x3 (WAM R15564); (h) Tympanocryptis
tetraporophora x3 (QM 134580); (i) Ctenophorus caudicinetus x3 (QM 121654Y; (j) Laphognathus gilherti
x 1.5 (QM J39042); (k) Gemmarophora nobbi x3 (QM J38738); (1) Moloch horridus x3 (QM 111492).
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Cooper and Poole, 1973; Cooper, Poole and
Lawson, 1970) or with specimens (e.g.
Chamaelonidae, Sphenodontidae).

Collection designations: AMNH, American
Muscum of Natural History, New York; MNHN,
Musée Nationale d'Histoire Naturelle, Paris:
OM, Queensland Muscum, Brisbane, WAM,
Western Australian Museum, Perth.

COMPARATIVE MATERIAL EXAMINED

RECENT AUSTRALIAN AGAMIDAE

Amphibolurus nobbi &. QM I38748, Mt
Windsor Tableland, NiEQ.
Cuimanops amphiboluroides S
R14464_34km § of Warrorra. WA,
Chelosania brunnea. WAM R4 1565, Mitchell
Plateau, WAL

Chlumvdosaurus kingii. QM J3718, Zillmere,
Brisbune, SEQ; QM 153707, Gul( Country: QM
J19707, Rockhampton, MEQ. (dentary and max-
illary fragments); OM J21929, Darwinarca. NT;
OM J45307, Cooktown sres, NEQ; QM 147642,
(juv) Wenlock, Pascoe River, Cape York. NEQ.
Crenophorus candicincies 4. QM J21634,
Black Mountain, Warenda Station, WCQ.
Diporiphora bilineate 9. QM J11141.
deavour R.. near Cooktown, NEQ.
Lophagnathus githeeti 2. QM J39042, 56.3km
E of Camooweal, NWO.

Gonocephalus bovdii &. QM 117799, Mt Bel-
lenden Ker, NEQ,

G. spinipes. OM J8330, Coomera Gorge,
Lamington National Park, SEQ: 7. OM
J45306.Richmond Range, via Bonalbo. NENSW,
Moloch horridus & QM 111492, Giles, WA
Physignuthus lesucwrii. QM J3865, Bellevue
Siation, via Coominya, SEQ; OM J35349, Bris-
hune, SEQ: QM J26671, Caboolture, SEQ; QM
133270, Ferguson SF, Saltwater Ch (ributary. via
Maryborough, SEQ. (left dentary only): OM
J3RION, Cobble Ck. via Samford, SEQ; QM
J47339, Mt Nebo area, SEQ. (right dentury
only); OM 147973, SEQ.

Pogoni barbata. QM 14141, Brookstead. Darling
Downs. SEQ: OM 14402, Wacol. Brisbanc. SEQ:
QM J23930, Everton Park. Brishane, SEQ; OM
143852, no locality: OM 147070, Banyo, Brisbanc.
SEQ: OM 147077, Brisbane, SEQ.
Tvmpanocrypiis ewraporophora 4. QM
J34380, Cuddapan Station, via Windorah, SWQ.

WAM

En-

RECENT FOREIGN AGAMIDAE

Uromastyx aegypticus. AMNH 73160, Saudi
Arabia; AMNH 74816. Saudi Arabia.
Plivsignuthus cocincinus, MNHN Ap82,
MNHN 2537, MNHN 1856, MNHN 2536,

CHAMAEL EONTDAE
Chameleo (7) basiliscues. QM 145322, no dala.

JGUANIDAF
Tguana sp. OM 4263, no data.

SPHENODONTIDAE
Splienodon punciatus.
Zealand.

OM 1046, New

FOSSIL AGAMIDAE

Middle to late Miocene specimens, Gag Site.
OM F18021-F18033.

Early Miocene specimens, Godthelp Hills and
Hal’s Hill sequence. QM F18004-F18011. QM
F18014-F-18030.

7. Inabayance Site. QM FIS012-F18013.

FOSSIL AGAMIDS FROM RIVERSLEIGH

[dentification of this material has been con-
founded by the small size and fragility of the
fragments and by the fact that they are all from
only dentaries or maxillac. Not one picce of
cranium has vel been found. The swdies by
Cooper and Poole (1973) and Cooper et al.
(1970) have been very useful in regard to cranial
and dental anatomy comparisons and in recog-
nising ontogenctic chunges. Despite this, how-
ever, distinguishing juveniles {rom adults and
making identiticalions from only a few charac-
ters has been difficult. In the descriptions which
follow, the extent of our mutenal is shown in
accompanying diagrams. The material present is
shaded an stylized agamid skulls or jaws, based
on those of Deporiphora bilineata. The descrip-
tions conceatrate on features of potential
taxonuimic significance.

In un cffort to refine the process ol identifica-
tion ol these small fragments, epoxy resin
replicas of QM 15349, J47339 (Physignatis
lesuenriiy and of Tossil specimens QM F18024,
FISOTL, TIS0S and FIS015 were made Tor
comparisons of microwear patterns. The replicas
were sputfer coaled with gold and examined
under a Phillips 05 scanning clectron miicro-
scope to compire analomical fealures with those
produced by wear. However, there are few



microwear features on the specimens and, con-
sequently, they are of no diagnostic significance.

Family AGAMIDAE Gray, 1827
Physignathus Cuvier, 1829
Physignathus sp.

QM F18004
LocALITY

Camel Sputum Site (Camel Sputum local
fauna).

DESCRIPTION

A portion of left dentary which beuars 12
acrodont teeth and a trace of the 13th acrodont
tooth. Length 17.38mm, maximum depth (ex-
cluding tooth row) 3.71mm. There is a healed
fracture in the mid tooth row. The fracture has
healed out of alignment, displacing the anterior
half of the dentary towards the labial.
= - The labial surface of the dentary
WM |is vertically notched between
the tooth bases. Three foramina
are present close to the ventral surface, below the
third, fifth and seventh acrodont tecth. The
anterior ventral surface of the dentary is badly
weathered, so it is impossible to dctermine
whether more foramina were present. On the
lingual surface a longitudinal groove runs
beneath the tooth bases. This groove shallows
posteriorly. It is not continuous, having been
displaced by the mid-dentary fracturc. A large
foramen is present in the roof of the Meckclian
Groove, below the third posteriormost acrodont
tooth. When viewcd occlusally, the displace-
ment of the tooth row is obvious. Both tooth
surfaces are rounded, but the lingual is slightly
flattened. An inward curve can be detected
towards the anterior tip of the dentary.

QM F18007
Locaurty

Camel Sputum Site (Camel Sputum local
fauna).

DESCRIPTION

Right dentary; length 17.67mm; maximum
depth {excluding teeth 4.96mm). No pleurodont
teeth are present, although one empty ‘socket’ is
visible in occlusal aspect. The first and third
acrodont teeth are damaged.
: In a labial view, only one
2 Y| foramen is visible, situated
below the eighth acrodont tooth.
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The labial surface is pitted and there are deep
notches at the bases of the acrodont teeth.

Viewed occlusally the acrodont teeth are
rounded on both lingual and labial surfaces. The
posterior three acrodont teeth are weakly cusped.
The lingual faces are slightly flattened. The
anterior tip of the dentary curves inward. On the
lingual facc of thc dentary a decp groove runs
below and parallel to the acrodont tooth row. The
Meckelian Groove is clearly visible, but badly
chipped anteriorly.

QM F18008
LocAauiry

Wayne's Wok (Wayne’s Wok Site local
fauna).

DESCRIPTION

Right, worn maxillabearing 11 acrodont teeth,
with a flattened labial aspect. Length 16.25mm;
maximum depth (excluding teeth) 4.01mm. The
posteriorthree acrodont teeth are weakly cusped.
— On thc labial surface, there is a
i _ (“‘;\\ s]igh.l inward curve ofthe_ maxi-
E)D . ﬁa 1la, tilting the tooth row lingual-

T ly. High on the labial face, below
the posterior margin of the nasal
process, are two foramina. Further foramina arc
present in the groove parallelling the maxi-
llary/jugal/lacrimal suture. Thc largest of thce
foramina lies directly behind the nasal process.
Posterior to this are four small foramina. A small
proccess projecting towards the rear of the maxi-
lla is situated posteriorly on the maxillary/jugal
suture. This is located above the third acrodont
tooth from the posterior margin of the tooth row.
Therc is a broad palatal process that reaches its
widest point towards the middle of the tooth row,
then rapidly tapers off, becoming almost non-ex-
istent posteriorly.

QM FI8012
LoCALITY
Waync’s Wok (Wayne's Wok Site local fauna).

DESCRIPTION

Portion of right maxilla bearing complete
acrodont tooth row. Length 19.67mm, maximum
depth {excluding teeth) 3.8 1mm (Fig. 2).

The first four acrodont tecth are damaged, but

. the rest of thc acrodont tooth row
%C } has a flattened labial aspect and
T M | the teeth are slightly cusped. The
T\ crodont teeth are moderately
‘shouldercd’. The maxilla has a
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FIG. 2. Occlusal view of QM FIR012 x3.

slight inward curve tilting the acrodont tecth
lingually. Three {oramina are present on the
labial surface above the third acrodont tooth; and
a further two above the sixth and eighth acrodont
teeth, Three foramina are present in the groove
which runs parallel 1o the jugal/maxilla/lacrimal
suture. A small process projecting towards the
rear of the maxilla is sitnated posteriorly on the
maxillary/jugal suture. This is located above the
third acrodont tooth from the posterior margin of
the tooth row. On the lingual surface, the palatal
process is moderately developed anteriorly,
broadening to its widest point half way along the
acrodont tooth row, then narrowing posteriorly.

QM F18013
LocaLITy
Inabayvance Site.

DESCRIPTION

Almost complete left side of snout, including
the premaxilla. Length 18.13mm; maximum
depth (excluding teeth) 14.07mm. Perfect suture
definition is present bhetween the premaxilla,
nasal, maxilla and prefrontal (Fig. 3). The
pleurndont tecth of the
premanxilla and maxilla have not
Ibeen preserved. The anterior
four acrodont teeth are reduced
from wear, cuch tooth being dif-
ficult to distinguish from thosc adjoining it. The
posterior Tour acrodont teeth are intact, their
broad triangular form being well preserved.

QM F18014
LocAlITy

RSO Site.

DESCRIPTION

Speeimen FI18014 is a fragment of the left
dentary, bearing cight acrodont tecth. Length
11.24mm, maximum depth (excluding teeth)
3.66mm.

The labial surface of the dentary is deeply
notched vertically between the tooth bases. Also
clearly visible is a single foramen placed close
o to the ventral surface of the den-
W . |y, below the third acrodont
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tooth. The lingual surface bears a distinct lon-
gitudinal groove immediately below the tooth
row. This groove shallows posteriorly. In the
roof of the Meckelian Groove is a lurge foramen
below the fifth acrodont tooth. Occlusally
viewed, both tooth surfaces are gently rounded,
but slightly flattened labially.

QM F18016
LOCALITY

Upper Site (Upper Site local fauna),

DESCRIPTION
Damaged right dentary, bearing two
pleurodont and cight acrodont teeth. Behind the
cighth acrodont tooth the fragment is damaged,
revealing lwao internal longitudinal cavilies, one
T above, and the other below, the
- <=l | Neckelian groove. Length
14.60mm, maximum depth (ex-
cluding tecth) 3.28mm. The labial face of the
dentary bears four foramina, one helow cach of
the pleurodont tecth and one below the second
and sixth acrodont teeth. Strong vertical notch-

FIG. 3. Dorsal view of snout, iltustrating variation in
sulures between (a) Physignathus sp. x3 (OM
F18013) und (b) Physignathus lesueurii x3 (QM
15449).
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ing is evident at the bases of the acrodont teeth.
The occlusal aspect shows a distinct inward
curve of the dentary anteriorly. Both lingual and
iabial faces of each acrodont tooth arc rounded,
the tooth margin being centrally positioned. On
the lingual surface of the dentary a distinct
groove runs below the toothrow. The Meckelian
Groove is clearly defined and has a distinct
foramen posteriorly on the upper surface,

QM F18017
Locaurty
Upper Site (Upper Site local fauna).

DESCRIPTION

Specimen F18017 is the upper antcrior portion
of the left dentary. Eight acrodont teeth are
present on this fragment, the first and third
broken at the base, Length 9.64mm, maximum
depth (excluding tecth) 2.17mm.

The labial surface exhibits deep vertical notch-
ing between the tooth bases and, on the lingual
surface, the only distinctive tea-
ture preserved is a longitudinal
groove below the tooth bases.
Viewed occlusally, both tooth surfaces are
rounded but the labial is more strongly convex.
A shight curvature of the jaw line is evident,

’:_"l."'J 1‘r~'~1.

QM FIR018
LocALITY

Upper Site (Upper Site local fauna).

DESCRIPTION

An almost complete left dentary with 14
acrodont teeth and three pleurodont teeth.
Acrodont teeth two, three, four and seven are

LI T T T T T T T T T O D O B B I

FIG. 4. Physignathus sp. (QM F18018).
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damaged. Length 24.38mm; depth (including
tooth row) 4.76mm (Fig. 4).

Below the tooth row there is a distinct lon-
gitudinal groove lingually
“wuugly | Which shallows posteriorly.

QM F180tY
LOCALITY
Upper Site (Upper Site local fauna).

DESCRIPTION
Anterior half of left dentary, bearing three
forwardly inclined pleurodont teeth and eight
acrodont teeth; length 12.64mm, maximum

depth (excluding teeth) 2.67mm.

The second tooth is the larger. The acrodont
— teeth arc sharply tipped and dis-
., -oftinctly grooved at their bases
labially along most of the tooth
row. There arc six foramina on the labial surface;
one below cach of the pleurodont teeth, and one
below the second, fourth and seventh acrodont
teeth. When viewed occlusally the acrodont
teeth are rounded both lingually and labially and
the dentary has a distinct inward curve anterior-
ly. On the lingual surface beneath the tooth row
is a distinct longitudinal groove, which shallows

posteriorly,

QN FL8020
LocaLITy
Upper Site (Upper Site local fauna).

DESCRIPTION

Specimen F18020 is a portion of mid to
anterior right dentary, bearing cight acrodont
teeth. Length 9.09mm; maximum depth (exclud-
ing teeth) 3.27mm.
- The labial face of the dentary
3 ~oggg|is deeply notched vertically at
the tooth bases, Three foramina
arc present towards the ventral surface, one cach
below the second, third, and sixth acrodont tecth.
Onthe lingual surface alongitudinal groove runs
beneath the tooth bases. The Meckelian Groove
is clearly defined. Occlusally viewed both tooth
surfaces arc rounded but the lingual facc is less
convex. Anteriorly the tooth row curves medial-
ly.

QM F18021
LocauiTy
Upper Site (Upper Site local fauna).



MIOCENE DRAGONS

DEescrIpTION
Tip of right maxilla. Length 9.10mm. maxi-
mum depth (cxcluding tccth) 4.54mm. This frag-
ment bears onc complete acrodont tooth,
followed by three damaged teeth. There are two
pleurodont tceth, posteriorly inclined, and one
empty socket. |
— A ridge is present on the labia
/’%\ surface of the maxilla. This
w originates at the base of the third
U plcurodont tooth and runs paral-
Iel to the acrodont tooth row.
Below this ridge the maxilla is flexcd lingually.
Six foramina are present, three on the labial
surfacc, one inthe ventral margin of the naris and
two in a groove where the maxilla joins the jugal
behind the nasal process. The position of thesc

foramina corresponds closely to those of
F18024.

QM F18022
LoCAUITY
Upper Site (Upper Site local fauna).

DESCRIPTION
Damaged left dentary. The anterior tip of the
dentary is also damaged behind the second
acrodont tooth. Two (possibly three) acrodont
tecth are missing. All but thc anterior six
acrodont teeth arc weakly cusped. Length
18.31mm; maximum depth (excluding teeth)
3.0imm (Fig. 5).
~ Anteriorly three pleurodont
‘gl - |tecth, which incline slightly
— antcriorly, are present. Three
prominent foramina are present labially, one
cach below both the second and third pleurodont
tecth, and one below the second acrodont tooth.

A(\( A

e

FIG. 5. Physignarhus sp. (QM F18022).
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The body of the dentary bears nine acrodont
teeth, the first of which is damaged. There is a
foramcn below this first damaged tooth. The
acrodont teeth have rounded labial and lingual
surfaces, and deep vertical grooves at the bascs
on the labial aspect. On the lingual surface a
distinct longitudinal groove runs beneath the
tooth row. This groove shallows posteriorly. The
Meckelian Groove is distinct and contains a
foramen, sitvated below the fourth acrodont
tooth from the posterior margin of the tooth row,

QM F18024
LocALITY
Upper Site (Upper Site local fauna).

DESCRIPTION

Lcft maxilla, bearing complete tooth row.
Length 18.5mm, maximum depth (excluding
teeth) 5.44mm. There are 13 acrodont teeth, and
two pleurodont teeth. Anterior to these is an
empty ‘socket’ of a third pleurodont tooth.
A distinct ridge is prcsent on the
labial surface. This rises at thc
basc of the third pleurodont
tooth and runs parallel to the
acrodont tooth row. Below this
ridge, the maxilla inclines inwards. Five
foramina are prcsent on the labial face of the
maxilla, beginning above the third pleurodont
tooth and running back to the seventh acrodont
tooth. Viewed from above the teeth are womn
labially and rounded lingually. The acrodont
teeth are wcakly cusped. A distinct groove is
present, running parallel to the maxill-
ary/jugal/lacrimal suture just above the palatul
proccess. This groove contains five foramina, two
of which lie bchind the nasal process. The second
foramen is the largest. The remaining three arc
of equal sizc and arc situatcd above the seventh
and eighth acrodont teeth. On the lingual surface
of the maxilla a distinct palatal process is prescnt
above the acrodont tooth row. This process is
moderate anteriorly, broadening to is widest
point half way along the acrodont tooth row. It
then narrows and is only barely visible below the
posterior acrodont tecth.

QM FI&025
LocauTy
Upper Site (Upper sitc local fauna).

1DESCRIPTION
Right maxilla bearing a complete acrodont
tooth row of 14 teeth and 1 pleurodont tooth.
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FtG. 6. Phyvsignathus sp. (QM F18(125).

Length 19.31mm; maximum depth (excluding
tecth) 4.93mm. Just posterior to the anterior tip
a ridge of enamel is preserved, indicating the
presence of at least one other pleurodont tooth.
The nasal process, the palatal process and the
posterior tip of the maxilla are slightly damaged
(Fig. 6).

T,

Three foramina are prescnt on
?ﬂ* T | the labial surface; one above the

s e [second acrodont tooth; and one

£ "& cach above the sixth and ¢ighth
acrodont teeth. Three additional
foramina are present in the groove which paral-
lels the jugal/maxilla/lacrimal suture; the
anterior (below the nasal process) is the largest.
The remaining two foramina are slightly smaller
and [ie above the cighth and ninth acrodont teeth.
There are also four small foramina in this groove
and onc lies on the floor of the naris. A small
process projecting towards the rear of the maxi-
lla is situated posteriorly on the maxillary/jugal
suture. This is located above the third acrodont
tooth from the posterior margin of the tooth row,
The rear six acrodont tceth are weakly cusped
(*shouldered”).

On the lingual facc of the maxilla, there is a
broad palatal process which reuches iis widest
point opposite the eighth and ninth acrodont
teeth and is only barely discernable at the 11th
acrodont tooth. A small secondary flange is
present opposite the 13th and 14th acrodont
teeth. The acrodont tooth row, occlusally
viewed, has a flattencd labial aspect. The
pleurodont tooth is strongly inclined outwards.

[

QM F18026
LocaLity
Upper Site (Upper Site local fauna).
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DESCRIPTION

Portion of the right maxilla bearing cight

acrodont teeth. Three of Ibese (the posterior two
and the fifth from the posterior margin) are
damaged. Length 9.98mm, maximum depth (ex-
cluding tceth) 3.93mm.
The labial face of the maxilla has
a distinct longitudinal ridge
about halfway down. Below this
ridge. the maxilla and tooth row
slope inwards. Two foramina are
present. the first and larger is situated above the
second anterior most tooth, and above the lon-
gitudinal ridge. The second foramen is much
smaller, situated above the third tooth, and below
the longitudinal ridge. A further three foramina
are present in the groove running parallel to the
maxillary/jugal/tacrimal suture. These lie close
together and arc situated anteriorly. The
anteriormost foramen is the smallest and the
posteriormost is the largest. Viewed laterally, the
acrodont teeth are ‘shouldered’.

On the lingual face of the maxilla is a broad
palatal process which tapers posteriorly on the
toothrow. Postcriorly, near the dorsal edge of the
medial surface of the labial face there is a deep
notch positioned posteriorly in the groove run-
ning parallel to the maxillary/jugal suture. This
notch is normally associuted with the posterior
process of the maxillary/jugal suture. On
specimen F18026 the process has not been
preserved, but the position of the groove indi-
cates that the process wus positioned anterior to
the end of the tooth row,

Viewed occlusally, the teeth have a flattened
labial facc and the lingual surface is distinctly
rounded. Posteriorly in the tooth row the teeth
have a distinct wear facet on the anterier face,

TN
Bas
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QM Fisn27
LOCALITY
Upper Sue (Upper Site local fauna).

DESCRIPTION
Left dentary bearing complete tooth row. The
two anterfor-most acrodont teeth are damaged
and the three pleurodont teeth are represented by
broken stumps, Length 18.96mm, maximum
depth (excluding teeth) 3.81mm.
‘ The labial face of the dentary
‘;‘ ~- -=| bears four foramina; one below
=" Iboth the second and third
pleurodont teeth, and onc below both the second
and fifth acrodont tecth. When viewed occlusal-
ly the acrodont teeth are rounded on both the

W
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lingual and labial surfaces and the dentary ex~
hibits a distinct inward curve anteriorly. On the
lingual surface beneath the tooth row is a distinct
longitudinal groove which shallows posteriorly.

QM F18028
LOCALITY

Upper Site (Upper Site local fauna).

DESCRIFTION
Right dentary bearing 12 acrodont teeth;
length 16.38mm, maximum depth (excluding

teeth) 3.55mm. The acrodont tooth row is almost
complete.

The labial surface of the dentary
is pitted. Nonethcless two
foramina are clearly visible
below both the third and fifth antcrior-most
acrodont teeth. Deep notehing is visible between
the acrodont tooth bascs, except on the two
posterior acrodont teeth. On the lingual surface
of the dentary, a distinct longitudinal groove
shallowing posteriorly runs immediately below
the tooth bases. There is a large foramen on the
roof of the Meckelian Groove, below the sixth
and seventh anterior-most acrodont tecth. Oc-
clusally viewed both surfaces of the teeth are
rounded, but the lingual is slightly flattened. A
slight inward curve of the dentary is detectable
anteriorly.

QM F18029
LocALITY
Upper Site (Upper Site local fauna).

DESCRIPTION

Anterior fragment of left dentary bearing one
pleurodont and several acrodont teeth. There are
two empty ‘sockets’ of pleurodont teeth, one on
either side of the tooth. The first two of the
acrodont teeth are in good condition. Length
9.45mm; maximum depth (cxcluding tecth)
2.52mm.
: Occusally viewed, the dentary
v""‘;:;;ﬂ anteriorly displays a distinct in-

— ward curve. The pleurodont

tooth is slightly procumbent. Four foramina are
present on the labial surface of the dentary: one
below both the second and third pleurodont
teeth; one below both the third and sixth
acrodont teeth.

QM F1§030
LoCALITY

Upper Site (Upper Site local fauna).
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FIG. 7. Occlusal view of dentaries illustrating the
varying degrees of dentary curvature between (a)
Physignathus lesueurii x3 (QM J26671). (b) Physig-
nathussp. x3 (QM F18018) and (¢) Chlamydasaurus
kingil x3 (QM J45307).

DESCRIPTION

Fragment of right anterior maxilla bearing
seven acrodont teeth. The 3rd anteriormost is
damaged, broken off at the base. Length

9.54mm; maximum depth (excluding teeth)
3.15mm.

In a labial view, the lower edge

/’C{F" of the maxilla curves inward.
5T . | Four well-spaced foramina are
o

e present on the labial face, above

the first, third, fifth and sixth



acrodont teeth. The acrodont tceth have well
rounded tips. The teeth are not cusped. Viewed
occlusally, the labial tooth surface is flattened.
Thelingual surface is very angular, with both the
anterior and posterior faces flattened, giving the
teeth a three sided appearance. On the lingual
face of the maxilla there is a broad palatal
process. Four foramina are situated in the groove
in the base of the nasal process, the anteriormost
above the third acrodont tooth. The remaining
threc are above the fifth and sixth acrodont tecth.

IDENTIFICATION

The specimens F18004, F18007-8, F18012-
14, F18016-22, F18024-30 are all referred to
Physignathus sp. Dentary F18018 is one of the
best preserved in the sample and, although the
numbers of and wear pattern on agamid tecth
vary greatly (Cooper und Poole, 1973), it shows
similarity to the dentary of Chlamydosaurus,
Lophognathus, Amphibolurus, Physignathus,
Ctenophorus, Pogona and Diporiphora. This
specimen is easily distinguished from
Chlamydosaurus kingit by numbet of acrodont
teeth (19-201n C. kingii vs 14 in F18018); num-
ber of pleurodant teeth (1-2 vs 3); shape and size
of pleurndont teeth (onc very large caniniform
tooth, with onc smallcr tooth on right ramus vs
three tceth, with the first the smallest, followed
by two teeth of almost equal size). Further, the
upperedge of Meckel's Groove in C. kingii lacks
the slight upward curve present in FI18018, und
the mid-line (occlusally viewed) of the dentary
in C. kingii is almost straight, whilst in F18018
this curves markedly inward anteriorly. The den-
taries of Crenophorus, Pogona, Lophognathus,
Amplibolurus, Diporiphora and Physignathus
have the distinct medial anterior curve of
specimen FI8018. However, Lophognathus,
Amphibolurus.  Cienophorns  und  Pogona
specimens lack the enlarged Torward projecting
teeth of F18018 and Pogona has only two
pleurodont tecth (vs three in FISO18),

Specimen F18018 and the dentary OM 126671
(Physignathus lesueurii) are very close (Fig. 7).
Tuble 1 summarizes these comparisons.

F18018 docs not differ in any substantial de-
gree from specimens of the extant P, lesuewrii

'FL&016 has only two pleuradont leeth, while three
are presen! in wther complete material in the sample.
Examination of modern Physignathus conlirms that
this character varies belween two (OM J35270) and
three (other materisl examined).

MEMOIRS OF THE QUEENSLAND MUSEUM

FI1G. B, Lateral view of snout, illusirating the distinct
‘Roman nose” prolile shared by (a) Physignatius sp.
3 (OM FIS013Yand (b) Plysignathus lesuearti x1.5
{OM J5449).

(Gray 1831), but, from only this dentary we
cannotassign itiothis species with any certainty.

The Tollowing characters, found only in
Physignathus, have formed the basis of the
remaining identilications: the forin of the inward
curve on the dentary (FI8003, FI8007, F18Q19,
FIN022, FIS027, FI18028, F18029); the lingual
tongitudinul groove below the bases of the den-
tary tecth (FESO04, F18007, FIRO14, F18016,
FIRO19, FIR022, F18027, F18028): the number,
shape, size and cusping of the acrodont dentary
tecth (FI8004, FIS007, FI18014, F18016,
FISO19, F18022, F18027, F18028): the number,
shape, and size of the pleurodont dentary tecth
(FIS0T6', FIROT9, T 18022, FI8029): the degree
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TABLE 1. A comparison of the dentaries of FI8018 (Riversleigh fossil agamid)

with J26671 (Physignathus lesucurii).

angle of projection of
pieurodont teeth

curvature of midline
of jaw (occlusal view)

pattern of taoth wear

I, anteriorly:
2,3 upward and

CHARACTER F18018 J26671
acrodont tooth number 14 15
pleurodont tooth number 3 3

1, anteriorly:
2.3 upward and

anteriorly anteriorly
marked marked
lingual face fingual face

fatiened; labial
face rounded

flattened; labial
face rounded

of flattening of the labial aspect of the acrodont
tecth (F18012, F18024, F18025, F18030); the
number, shape, size and cusping of the acrodont
maxillary teeth (F18008, F18012, F18025,
F18026); the number, shape and size of the
pleurodont teeth on the premaxilla-maxilla
(F18021, F18024, F18025); proportions of the
palatal process (F18008, F18012, F18024,
F18025, F18026); the steeply-sloped posterior
edge of the narial opening (F18012, F18024,
F18025); the ‘Roman-nose’ profile (F18013)
(Fig. 8); shape and position of the nares
(F18013); the torm of the small posterior maxi-
llary process (F18008)(Fig. 9).

Family Agamidac Gray 1827
Sulcatidens gen. nov.

TYPE AND ONLY SPECIES
Sulcatidens quadratus gen. nov. and sp. nov.

/ {
/
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FIG. 9. Maxilla from Physignathus lesueurii x1.5
(OM J26671), showing the position of the posterior
maxillary process. Similar processes are present in
many of the modern agamid maxillae examined (Fig.
1) and in fossil maxillae where they are complele
enough (e.g. F18008). This feature has not been used
previously to help identify agamid fragments,

FIG. 10. Occlusal view of the holotype of Sulcaridens
quadratus gen. et sp. nov. QM F18010 x3.

GENERIC DIAGNOSIS

Sulcatidens is distinguished from all other
agamids in having the distal margins of the
posterior maxillary teeth set in a notch in the
mesial margin of the adjacent posterior crown,

ETYMOLOGY

From the Latin sulcare, 1o furrow, in reference
to the notches or furrows in the mesial margins
of the posterior maxillary tecth, The gender is
masculine.

Sulcatidens quadratus sp. nov.

HOLOTYPE
QM F18010, an incomplete right maxilla bear-
ing 11 acrodont teeth (Fig. 10).

TYPE LOCALITY

Wayne's Wok Site, Riversleigh Station, NW
Queensland. Miocene.

SPECIFIC DIAGNOSIS
As for the genus.

ETYMOLOGY
From the Latin quadratus, from quadrare, to
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make square. Named in reference to the nearly
quadrate profile of the posterior maxillary tecth.

DESCRIPTION
Right maxilla bearing 11 acrodont teeth,
length 18.28mm, maximum depth (excluding
teeth) 3.92mm. On the lingual face of the maxi-
|1a, some of the bases of the teeth are corroded.
P In labial view the maxillary face
& [ Ry is rounded, tilting the acrodont

2; ; < \)Efé tooth row lingually. The
A acrodont teeth are cusped, and
their tips are directed posterior-

ly. The four posteriormost acrodont teeth are
unusual, distinct from the typical triangular
agamid dentition. In profile, these teeth are al-
most quadrate and are very closely spaced.
Viewed occlusally the acrodont teeth are flat-
tened on the labial face. The four posterior
acrodont tecth are very distinct in form from
those situated more anteriorly in the toothrow. In
most agamids the posterior acrodont teeth slight-
ly overlap, as a result of rotation about their
vertical axes (Cooper and Poole, 1973). This is
not the case with F18010. On this specimen the
posterior five acrodont teeth tightly abut. The
distal edge of each tooth is notched into the
mesial edge of the posteriorly adjacent tooth. We
have not seen this character in any other agamid.

DISCUSSION

Although anteriorly F18010 shows some
similarity (a broad palatal process and the form
of the acrodont teeth) to fossils assigned to the
extant genus, Physignathus in this study,
posteriorly the differences from Physignathus
are marked. The tightly abutting posterior
acrodont tecth are unique, and this state is not
found in any other genera of Australian agamids
examined. Even in genera where tooth wear
plays an important role in shaping the posterior
acrodont teeth (e.g. Pogona, Chlamydosaurus
and Physignathus), the teeth remain broadly tri-
angular in profile, rather than nearly quadrate as
in F18010.

REFERRED SPECIMEN
OM F18015, fragment of right maxilla with
four acrodont teeth (Fig. 11).

LOCALITY
9

DESCRIPTION
Fragment of right maxilla with four acrodont

MEMOIRS OF THE QUEENSLAND MUSEUM

FIG. 11. Sulcatidens quadratus (QM F18015).

teeth. Maximum length 4.95mm; maximum
depth (excluding teeth) 1.08mm.

In both labial and lingual view,
no distinguishing features have
been preserved on the maxilla.
However, the acrodont teeth
have a distinct chisel-like form.
Viewed occlusally, the acrodont teeth are some-
what flattened on the labial face. The lingual face
is gently rounded, and the teeth abut tightly.
There is slight development of the ‘tongue-in-
groove’ contact of the teeth seen in QM F18010.

DISCUSSION

F18015 shares with F18010 similar form of the
posterior maxillary dentition. In F18010, each of
the posterior five teeth is notched into the adjoin-
ing tooth. This is evident in F18015, but less
pronounced. It may be that F18015 preserves the
more anterior of the teeth showing this feature,
or itmay have derived from a younger individual
that had not yet developed the notching to the
extent seen in F18010. F18015 is referred to
Sulcatidens quadratus gen. et sp. nov. because it
has the distinctive notching in the posterior five
teeth.

Family AGAMIDAE Gray, 1827
Unidentified Material

QM F18005
LocauTy

Camel Sputum Site (Camel Sputum local
fauna).

DESCRIPTION

Portion of left dentary bearing 6 posterior
acrodont teeth. The anterior tooth row is badly
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FIG. 12. Unidentified agamid (QM F18005).

worn so several acrodont teeth are missing.
Length 19.75mm; maximum depth (excluding
teeth) 7.40mm. The labial face of the dentary is
badly eroded and it bears little surface detail

— (Fig. 12).

- e Posteriorly the acrodont teeth
- are wcakly cusped, and there is
deep vertical notching between the tooth bases
labially. On the lingual surface a longitudinal
groove, which shallows posteriorly, runs
beneath the tooth bases. A large foramen is
present in the roof of the Meckelian Groove
below the acrodont tooth fourth from the
posterior end. In occlusal view the tooth ridges
are displaced towards the lingual surface.

QM FI8006
LocALITY

Camel Sputum Site {(Camel Sputum local
fauna).

DESCRIPTION
A small fragment from the middle of the right
maxilla. It bears two undamaged acrodont teeth
and anteriorly the bases of three
o N fragmentary acrodont teeth.
gir\ﬁg Length 8.48mm; maximum
e depth (excluding teeth) 2.58mm.
On the labial face of the maxilla
are three foramina, one below each of the broken
acrodont teeth. The labial surface is curved in
cross-section. On the lingual surface a groove
runs above the acrodont tooth bases. The palatal
process is broad. Viewed occlusally, the
acrodont teeth have a flattened labial surface.
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The posterior acrodont tooth is very slightly
tricuspid. Three foramina are present in a groove
which parallels the maxilla/jugal/lacrimal suture
medially. These foramina are tightly clustered,
the posterior being the largest, and the anterior
smallest.

QM F18009
LocaLTy
Wayne’s Wok (Wayne’s Wok local fauna).

DESCRIPTION

Posterior fragment of right dentary, bearing

one damaged and five complete acrodont teeth.
Length 12.82mm; maximum depth (excluding
~ teeth) 4.01mm.
Qfgw Few distinguishing features are
— preserved on the labial surface.
The posterior teeth are ‘shouldered’ and broadly
triangular. Vertical notching is present at the
tooth bases, except on the two posteriormost
teeth. Viewed occlusally, both the lingual and
labial tooth surfaces are well-rounded. The lin-
gual surface of the dentary clearly displays a
longitudinal groove running parallel to the tooth
bases. At the posterior margin of the tooth row
is a distinct depression in the surface, once car-
rying an additional acrodont tooth. The Meck-
glian Groove is clearly visible and contains a
large foramen close to the anterior fracture.

QM F18011
LocAauiTy

Wayne’s Wok (Wayne’s Wok site local
fauna).

T T T T T T T T O O I B

FIG. 13. Unidentified agamid (QM F18011).
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DESCRIPTION

Damaged left dentary bearing seven acrodont
teeth. The anterior one is damaged ncar the tip.
Length 20.83mm, maximum depth (excluding
teeth) 4.43mm. Viewed in labial aspcct, the mar-
gin of the dentary/coronoid suture is well
preserved (Fig. 13).

Two foramina are prcscnt on the
%:\7 labial facc. One lics on the

anterior fracture line. The other
is immediately behind thc damaged anterior
acrodont tooth. Both foramina are displaced
towards thc ventral surface. The acrodont teeth
are sharply pointed and inclined slightly back.
The two hind-most tccth have a small cusp on
the posterior edge. Dcep vertical grooving is
present between most of the tooth bases on the
labial face of the dentary. However, the four
posterior tecth do not show this. Viewed oc-
clusally, thctooth ridgc is slightly off-sct labially
and both tooth surfaces are gently rounded. The
teeth curve slightly inwards, toward the lingual
face. On the lingual surface of the dentary a well
defined groove runs parallel to the tooth row,
immediately below thc tooth bases. A shallow
cavity bchind the posteriormost tooth has held a
tooth. The damaged ventral surface of the dcn-
tary clearly exposes the Meckelian Groove in
which there are two foramina, situatcd in the
roof. Thc first and largest lies below the second
acrodont tooth. The sccond is bclow the fourth
acrodont tooth.

QM F18023
Locauty
Upper Site (Upper Site local fauna).

DESCRIPTION

Right maxilla bearing 12 acrodont teeth.
Length 15.30mm, maximum depth (excluding
teeth) 2.83mm. The posterior margin of the max-
illa is wcll preserved.

Labially two foramina are
oK

present above the third and fifth
m‘-\ . ﬁ N acrodont tecth. Antcriorly a dis-
e tinct ridge is present on the labial
face, giving the lower labial sur-

face a distinct inward curve. The acrodont teeth
are not cusped and the tooth tips are well
rounded. The two posteriormost teeth have a
broader profile than the rest of the tooth row.
Occlusally, most of the acrodont teeth are flat-
tened on the labial face, and well rounded on the
lingual face. The posteriormost tooth differs in
being gently rounded on both faces and almost
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FI1G. 14, Occlusal view of QM F18031 x3.

chisel-shaped with a distinct ridge at its tip. The
second posteriormost tooth, although similar,
has a flattened anterior face, giving the tooth
three faces. The lingual face of the maxilla has a
deep vertical notch along the tooth bases. A
distinct groove runs parallel to the tooth row
terminating before the posterior two acrodont
teeth. The palatal process is widest towards the
middle of the tooth row. From this point it slopes
back towards the tooth row and reaches its nar-
rowcst point level with the fourth posteriormost
acrodont tooth. From here, it broadens to form a
distinct posterior flange level with the end of the
acrodont tooth row. Above the palatal process is
a dccp groove at the base of the nasal process.
This groove contains two closely-spaced, large
foramina, which are situated above the fifth and
sixth acrodont tecth.

QM F18031
LocaLity
Gag Site (Dwornamor local fauna).

DESCRIPTION

Right maxilla bearing 11 acrodont teeth (Fig.
14). Length 13.97mm; maximum depth (exclud-
ing tceth) 3.60mm. Labially threc foramina arc
present, situatcd above the second, fourth and
fifth acrodont teeth. The teeth
are broadly triangular, and
cusped particularly on the
posterior edge. Occlusally for
most of the tooth row the labial
face is flattened and the lingual face well
roundcd. The three posterior acrodont teeth are
gently rounded on both faces. Their broad form
and pronounced central ridge, give an almost
chisel-like appearance. The lingual face of the
dentary shows broad vertical grooving at the
tooth bases, each groove located between ad-
jacent teeth. As in fossil QM F18023 the palatal
proccss is widcst towards the middle of the tooth
row. This tapers and then gives rise to a small
posterior medial flange, level with the end of the
tooth row. A deep groove at the base of the nasal
proccss, contains three foramina, situated above
the fourth and sixth acrodont teeth.
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OM F18032
LOCALITY
Gag Site (Dwornamor local fauna),

DESCRIPTION

Left dentary fragment bearing three posterior
acrodont teeth and a fragment of a fourth. Length
5.02mm: maximum depth (excluding teeth)
1.25mm. The only distinguish-
ing feature on this fragment is
the nature of the acrodont tecth.
These are broadly triangular and tricuspid. Both
the lingual and labial surface of the acrodont
teeth ure rounded when viewed ocelusally. The
tooth margin s displaced slightly toward the
labial side. Slight rotation of the vertical axes
gives the acrodont teeth some degree of uverlap.

T

QM F18033
LOCALITY
Gag Sile (Dwaornamor local fauns).

DESCRIPTION
Right maxillary fragment bearing lour
acrodont teeth, probably originating from the
mid-posterior masilla Length
T 4.60mm; maximum depth (es-
). tey, | Cludingteeth) 2.15mm. The only
~ me——emeui possibly distinguishing feature
15 one foramen on the labial sur-
{acc. The teeth arc broadly tnangular and onc is
slightly shouldered. Viewed occlusally the tecth
have a flattencd labial facc.

O3S

I NUIFICATION

The specimens FIR00S-0. IF18004, FI801T,
118023, FISD31-3 cun easily be assigned to the
Agumidae. All have fixed acrodont tecth, @
major character of the family. However, the
specimens are generally small and have worn or
dinmaged leeth, or are otherwise duniged. They
thus luck other characters useful in wentifica-
ton. One specimen (F18032) has distinctly tri-
angular, tricuspid tecth. This is seen in
Phvsignathus, Chelosanja, Caimanops,
Gonocephalus, and Diporiphora but. as no other
usclul characters are preserved on the specimen,
it1s impossible o refine its idemification.

THE FAMILY AGAMIDAE, EXTINCT
AND EXTANT

lFossil agamads are known from Ching, Mou-
goliy, the Middle East, Belgium, France,
southeastern Europe (including Crete), north-

'
\al
tw

castern Africa. Wyoming (USA) and Australia
(Estes 1983b). The oldest material is from the
Cretaceous of China and Mongolia. Many taxas
have been described Trom tins region (Estes,
1983a; Holman, 1981; Hou, 1976). Estes
(1983a) has reviewed the fossil record and early
distribution patterns of tizards and concluded
that agamids originated in the Late Cretaceous
in southern *Evrasia’, the area which conforms
loday with South-cast Asia and India, including
partol Australia. This vicw is supported by both
carly and recent reports of Crelaceous agamids
from Mongolia and China. Anhuisaurus
hauinanensis, Tinosaurus doumuensis, and
Agama sinensis (all of Hou, 1976) are agamids
from the Palacocene of China. Agamids arc nm
present in North America (Estes, 1964, Holman,
1981). South Amcrica. or Europe. And fossils aof
appropriate age in Africa are so poorly known
that it is impossible to comment on the presence
of the group in Africa. The remaining material is
more reeent, from the Eocene, or, like that fram
Pulcstine and Australia (excluding the
Riverslcigh material), from the Pleistocene. The
Australian fossil record of agamids is extremely
poor. Estes (1984) describes. bnefly. ‘an
acrodont lizard (presumably an agamid) from
localities in the Wipajint Formation ... Etadunna
Formation ... South Australia.” This Middie
Miocene fragment presents the Tirst evidence of
a possible agamid presence here. There is a gap
in the record (prior 1o the discovery of the
Riversieigh deposits) until the Pliocene. Archer
and Wade (1976) report an agamid lizard similar
to some species of Amplzibalurm and Estes
(1983a.b) reports part of a4 skull of
Chlunmydosaurs kingii. The only other agamid
material is from the Pleistocene (Bennett, 1876,
Smith, 1976, 1982),

The occurrence of modern aganuds reflects
this fussil record, Agamids are strongly repie-
sented in both Asia and Australia. which are
widely regarded us centres of diversity for the
group. The grovp is most diverse at both specific
and peneric levels on the Indian subcontinent.
Dragons occur tn Africa, southern Europe, and
some Pacific islunds. Species from Africa and
southern Furope are not numcrous, and belong
1o genera from India or the Middle Fast.

In Australiu. 60-70 species are probably
present, although not alt are yet described. There
18 peneral agreement sbout species boundarics,
bt nesnch accord inregard 1o generic detinition
andd alloeation. Thus. there arc scveial rccent
proposals regarding generic divisions (e.g. Wit-
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1en, 1982a: Cogger, el al.,, 1983; Storr. et ul.
1983; Wilson and Knowles, 198R). Here, we
follosw Storr et al. {1983), and Wilson and
Knowles (1988). with minor modification.

THE AUSTRALIAN LEPIDOSAUR FOSSIL
RECORD

In order to provide a perspective on the
agamids from Riversleigh, we bricfly review the
history of the lepidosaurs in Austialia. Molnar
(1982, 1984a.b, 1985) summarized what is
known from the fossil record here. The carliest
remains are a Triassic (c.240my) specimen iden-
tified as Kudnu mackinlayi. (Kadimakara
australiensiy, previously regurded as the oldest
Australian lepidosaur, s referred to the sister
group of the archosuurs, Molnar, 1990). Esles
{pcrs. comni.) notes further that this specics 1s
not a “lizard’ and that no Triassic forms have the
squumatc synapomorphies. Some lacertiliun
{ragments arc known from the Lower Cretaceous
(10my) of Victoria and a mosasaur has been
recorded from the Upper Cretaccous of Western
Australia. None of these have descendants
amongst our modern launa. Molnar {1985)
describes 'a vawning gap’ inthe record and notes
clsewhere (1982), that the bulk of Australian
fossil lepidosaur material 1s of Pleistocene age.
The Pleistocene remains helong either to essen-
tially modern taxa or to extinct, related fossil
laxa (c.g. Varanus vs Megalania).

PRE-RIVERSLEIGH HYPOTHESES

Despite @ seant fossil record, a plethora of
theorics about the cvolution of agamids in
Australis has emerged (Hearwaole, 1987).

1. Harrison (1928) noted Ihree clements in
Australia’s fauna: A. Autochthonian which
‘must have had s origins @1 {ime when
Australia was in cannection with other land maus-
ses..'s B, Ewronotian, ‘.. which has reached
Australia fram clsewhere, and undergone radia-
tion ... o bune ol contention fur a long time ..,
derived chicfly feom South Americy, by means
ol sotarctic conpections,,,”s C, Papuan, “., not
wel-named sinee it came from further alicld
than New Guinea. through which is mecly
passed....’ From his discussion of the occurrence
of 'The Agamidae” (pp. 378-380) it can
reasonably beanferred that he regarded the group
as having fundamenially Asian origins (i.c.
forming part ol his Papuan clement).

2. Cogaer (1961) suggested * 1w were 4

agamid invasions ol Australia beginning some
tinic 1 the early to mid Tertiary, all of which
entered Austrulia via New Guinea. The carliest
invasion was by the ancestor of Moloch hor-
ridus. the second one arrived probably in the
Pliocenc and gave rise to the amphiboluroid
radiation..,. The final two, Physignathus
lesueurii followed by Gonocephalus species are
littte differentiated from their New Guinca rela-
lives and are probably of recent origin. These
two are found only in the wet, lorested part of
custern Australia, whereas the older clements are
primarily adapted lo semi-arid regions....” This
approach has been renterated by Cogger and
Heatwole (1984).

3. Witten (1982a) obscrved two possible cx-
planations for the occurrence of agamids in
Australia, ‘Vither (o) the family evolved in Asia
and has spread into Africa and Australia, or (b)
the family cvalved in Gondwanatand, part of
which niow makes up Austrahy, Aflricaand the
Indiansubcontinent....” He repards Pivsignathies
asone olthe Asian-derived agamids in Australia,
‘a more recent Australian arrival than
Chelusaniu...” i.e. more recent than 10-20mva
when he suggested the lirst Asian-denved
agamid specics invaded.

4, Estes (1983a.b) has 4 world view ol the
agamid fossil record and has commenied in
detail un origin and carty distributions of the
lamily, te described o Middle-Late Jurassic
(190-145my) “... more northern Gondwanan
acrodont iguanian group (which) underwent
vicurianee as the Asin-Southeast Asia-Australin-
India blocks scparated from Africa ..." and
1resulted in the agamids (in Asia and Australia)
and 1 1he chameleonids (in Africa). He noles
clsewlicre (p. 392) the centre of origin for the
agamids (along with geckos, skinks, and
varanids) during the Early Cretaceous (i.c. about
120my) us“the conjoined arca’ of what is today
India, Australia and Southeast Asia. Tyler
(1979) has also contributed to this interpretation,

5, Greer {(1990) contends that “... agzamids
vvalved initiafly on the nosthern landmiss smd
cotered the southern continents, including
Aunsteli, ouly relatively late in their history,

MODERN PHYSIGNATIRUS SPECIERS

The alhinties of the bulk of the agamid Tossils
from Riversicigh lic with the extant genus
Physignatlius, the water dragons. Tlhee specics
ol Physignathus are currently recognised - 1%
lesucwrd, £ voctcinns and £, mentager,
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P. lesueurii occurs in coastal Australia from
southern Victoria (Gippsland) to northeastern
Qucensland (Cooktown area), and in Papua New
Guineca (Wilson and Knowles, 1988; dc Rooij,
1915). That many species are shared between
Papua New Guinea and Australia is the well
documented result of several recent land links
that have favoured the exchange of both open
and rain forest faunas (de Rooij, 1915; Tyler,
1972; Storr, 1964; Covacevich and Ingram,
1980; Kikkawa, et al., 1981; Covacevich and
McDonald, in press). That Physignathus
lesucurii should have colonised Papua New
Guinea from Australia (ot vice versa) sometime
in the last 100,000 years is not a matter for
comment, as such colonisations are entircly con-
sistent with patterns for other taxa. However, the
Australo-New Guinean distribution of P.
lesueurii presents a paradox. It scems rcasonable
to suggest that a non-specialised, reptilc which
could colonise an area that is now two separate
land masses, should be rather ‘evenly’ dis-
tributed throughout its range. Such is not the
case. P. lesueurii is listed from only the Western
and Gulf Provinces (Whitaker et al., 1982) and
from the Arfak Mts of Irian Jaya (de Rooij,
1915). In Australia, it ranges from the banks of
the Endeavour River, Cooktown, NEQ to Vic-
toria, some 2500km. A distribution including
New Guinea and most of coastal, eastern
Australia, but excluding Cape York Peninsula
north of Cooktown, is unique amongst the ver-
tcbrates. This appears anomalous in the light of
the generalised habits of P. lesueurii, which oc-
curs in a wide variety of riparian habitats and is
a catholic feeder. There are two possible ex-
planations. 1. P. lesueurii occurred, and has,
become secondarily extinct, on Capc York
Peninsula north of Cooktown. 2. P. lesueurii
occurs only in Australia and ‘P. lesueurii’ from
Papua New Guinea is in fact another taxon
whose status and affinities are not known.

P. cocincinus occurs on mainland southeast
Asia, in Indochina and Thailand (Boulenger,
1885; specimens in the Musée National d'-
Histoire Naturelle, Paris). Very little has been
written about this species since Boulenger’s
(1885) work.

As the affinitics of the bulk of the fossil
material lie with Physignathus, any attempt at
interpretation of the data presented by the fossils
makes desirable an assessment of the relation-
ship between the modern Australo-New
Guincan representative of the group (i.c. P.
lesucurii)and the Asian P. cocincinus. However,

assessment of the status of the New Guinean
taxon is not possible because of the lack of
accessible material,

Skulls of P. cocincinus (MNHN, two
specimens Ag8, here termed AgS81 and Ag82)
and of P. lesueurii (several specimens, sce
specimens examined) are available to us. P.
cocincinus and P. lesueurii rescmble each other
in general skull form, form of cusps on the teeth,
the labial aspect of the tecth, position and size of
maxillary foramina, and numbers of both
acrodont and pleurodont tecth. In both species
the maxillac are inflexed just above the tooth
row. There is no discernable groove at the max-
illary-jugal-lacrimal suture. In both, also, there
is a markcd longitudinal groove shallowing
posteriorly below the tooth row of the dentary,
although the degree of grooving varies slightly
from side to side in Ag82 and also between the
two specimens.

They diffcr in size, but there is only slight
difference in proportion.

The shape of the parietal and frontal bones is
distinct. In P. cocincinus these bones are broadly
flattened, while in P. lesueurii they are more
gracile and the occipital processes of the parietal
are narrower. The posterior maxillary process in
Ag82 lies above the second last maxiliary tooth,
while in J47973 it is just posterior to the last
maxillary tooth. Further, the snout profile of P.
cocincinus is acute rather than ‘Roman’, aimost
truncate, like that of P. lesueurii.

Notwithstanding the differences, the skulls of
P. cocincinus and P. lesueurii are closer to cach
other than either is to skulls of any of the other
genera examined by us or illustrated by Cooper,
Poole and Lawson (1970). Skull sizes, shapes,
and dentition, particularly the pleurodont teeth,
distinguish the genera. Table 2 summarizes the
results of our examination and that by Cooper,
Poole and Lawson (1970) of the skulls of a wide
range of agamid genera. Physignathus (includ-
ing P. cocincinus) has 15 or more pleurodont
teeth in total, made up of a maximum of 6 on the
maxillae, 6 on the dentaries and up to 5 on the
premaxiila. The presence of 3 caniniform
pleurodont tecth on each dentary and each max-
illa sets Physignathus apart from all other
Australian and Asian agamids cxamined for this
study.

The three spirit syntypes of P. cocincinus
(MNHN 2537, 1856, 2536) have been examined
by one of us (RM). They have no external fea-
tures which suggest separation at the generic
level from P. lesueurii. Because the specimens
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TABLE 2. Numbers and sizes of pleurodont teeth in selected agamid taxa.

TAXA PLEURODONT TEETH
PREMAXILLA * DENTARIES * TOTAL NUMBER SIZE#
MAXILLARIES
Physignathus lesueurii 9-11 6 15-17 medium
(QM specimens)

+ Physignathus lesueurii ? ? 15 ?

Physignathus cocincinus 10 6 16 medium
+ Agama ? ? 9, 9<15 ?
Amphibolurus 5 3 8 large
Caimanops 8 4 12 large
+ Calotes ? ? 9 <15 ?
Chelosania 7 4 11 small
Chlamydosaurus 3-7 0-3 3-10 large
Ctenophorus 7 4 1 medium
Diporiphora 3 3 6 large

+ Draco ? ? 9<15 ?
Lophognathus 8 4 12 large
Hypsilurus 4-5 0 4-5 small
+Japalura ? ? 9«15 ?

+ Liolepis ? ? 9«15 ?
Moloch 7 3 10 small

+ Phrynocephalus ? ? 9<15 ?
Pogona 4-8 0-4 4-11 small

* Uromastix ? ? 9< 15 large

* based on actual teeth . # of largest teeth. + after Cooper, Poole and Lawson,(1970).
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arc old and faded, colour and pattern can not be
assessed confidently. However, Taylorand Elbel
(1958) describe distinct banding on the tail of P,
cocincinus specimens from Thailand, Tails of P,
lesuenrii are also distinctly banded. Differences
in size. degree of nuchal cresting, colour paitern,
and head scalation, along with skeletal differen-
ces, warrant maintenance of the two specics.

The status of Phvsignathus mentager Giinther
1861 remains unresolved, but is inconsequential
in a study of the Miocene Physignathus and their
broad relationships. It was described by
Boulenger (1885) from ‘Siam’ (= Thailand). In-
formation on this taxon is scant, but comparisons
between descriptions of P, cocincinus and of P.
meatager suggest the latter could bhe a junior
synonym of P. cocincinus. The authors of recent
reviews af the reptiles of sontheast Asia have nol
used the name P, inentager.

GENERA SHARED BETWEEN
AUSTRALIA AND MAINLAND
SOUTHEAST ASIA

Affinities between the faunas and floras ol
south-cast Asia (including the wichipelagos).
Australia and New Guinea have long been the
suhject of observation and discussion. Among
the modern lizard geners there is an casily
demonsthiated aftinity, The following genera
oceur in both Australia and south-cast Asia:
Cyriodactylus, Hemiduevlus, Guehyra,
Lepidodactvins, Gonocophalus, Physignathus,
("r.\'plubl('plzuru_v, Emaoja, Sphenamorphns,
Tropidaphorus  and  Vargnus. 1t scems
reasomable 1o suggest thar this resulls from
combunation of past continetal connections and
recent migrations, cither across the sea, or via
Lind bridges at times of lowered sealevels. (New
Guinca and the islands between it, and the In-
donesian archipelago. abound with ¢ndemic
generi which complicate the clear pattern evi-
dent at the Australia-Southeast Asian poles of
the continuum of the Australusian repyion),

Notwithstanding the fact thot close examina-
tion ol the wxa shared hetween Austrinlin and
South-eiust Asia will undoubtedly bring about
new adlocatious, and the recoguition of new
specics and generic definitions, these are strong
associations between the two continents.

DISCUSSION

o Uhe Wager Diagons are su gonspicious that il
<imnot be supposed that they have been overlooked,
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Since they are aqualic and freely enter Lhe sea, their
distribution becomes even more remarkable and bes-
mars explanation...’

Harnson 1928, p. 380.

The {ollowing Miocenc agamids are now
known from Australia;

Physignathus sp. (OM 1118004, 18007-8,
18012-14. 18016-22, 18024-30); Sulcatidess
guadratus gen. ct. sp. nov. (QM FI8010
holotype: 18015): unidentificd (’QM F18005-6,
18009, 18011, 18023, 18031-33).

Inassessing the significance of the Riversleigh
apamid matenial, we know that:

V. Phivsignatiug sp.was present in Australia in
the Miocenc. Phivsignathus remains dominate
the sample which also includes a taxon quite
distinct from any extant form, Sufcatdens quad-
ratus gen. et, sp. nov, The Riversleigh material
cstablishes that agamids have had a much longer
history here than has generally been supposed.
Agamids have been here for at least 15-20my
and the Physignathus iepresented appear to have
changed little in that time.

2. Australia was separated by water from lands
to the north until the Jate Miocene. This has been
illustrated by Archer ct al. (1989) a1 0, 30, and
10mya. Despite the controversy about the exact
details af the timing of fracturing of the con-
timents and fluctuating sca levels, it is apparent
that sca separated Austrahia (rom the archipelago
to its notth throughont the Eocene, and
Oligocene and inlo the late Miocene. Thus, any
dragons moving herween Southeast Asia amd
Australia would have required high sali
tolerance.

2/ fesucurii lives in large numbers on the
banks of the Brisbune River where salinity is of
the order of 20 parts per 1000, The dragons,
although terrestrial, use the waler as a reluge.
They readily eater the water and are capable of
spending long periods submerged. This suggests
a level of sult tolerance unusual in other
Austratlo/New Guinean lizards observed.
(Covacevich, pers, obs)

S Phvsznaras species oceur coastally in both
Austriha (7% leswenriiy ond SE Asia (/7 eocin-
cires), und inthe intervening ared, New Guinea.
Companison ol ' Jesucuric amd I eocineines
indicates a vlose phylogenctic relationship,

5. Modeny Australian apamids can be placed
intwo groups. Plivsignathus, Gonocephalus and
pussibly Chelosania Torm one group. The
reantimug genest all live o reduced number of
microchromosomes, lack Licrimal hones, and are
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adapted to arid ar semi-arid conditions ( Witten,
1Y83), It is ot certain that these both represent
manaphyletic groups,

This cvidence can be used lo support two
hyputheses about the origins of agamids in
Australia, Either they have cvolved from Asjan
stock that entered Australia across the scas or via
lund bridges about 20mybp. (An obvious corol-
lary of this hypothosis is that they may have
originaied in Australia and colonized Asi), or
the agamids had carlier origins in
Gondwanaland. They are, today, conspicuous in
some of the the southern continents.

Witten (1982) surmised that Physigrathus was
Asian and that the first of the Asian-derived
agamids ‘arrived” in Ausiralia between 10 and
20mybyp. le postulated that Chelosania was the
most likely direct deseendant of such an invasian
and that Phvsignathus appeared ... to be a more
recent arrival.,.

The evidenee presented here, coupled with the
well-documented, long history ol the Agamidae
{at Ieast from the Cretaceous) in China und near
regions, most strongly support the suggestion
that Phyvsignathus is Asian-derived and that 2.
fesuenrn and £, cocrmerens are the dircet and
stmilar descendants of the Asian ancestral
Physeenithus.,

It seems reasonable to infer from the agamid
remuains identificd. that the Riversleigh environ-
ment in the Mivcene may have resembled (in
clinate and forest profile. at least) present day
constal Queensiund. W present requitenients o
Physignatltus are relevant the arey musl have
been well-watered. As Sulcatidens quadratus
gen, et sp. nov, is hased on an incomplete max-
illa and appears to have no obvious close
relutionships to uny modern agamid genus, it
reveals npothing of the palacoccology ol
Riversleigh, Lepidasaurs are poorly known from
the Miocene in Australia, Egernia. Tiligua,
Varanus,  Ramphorvphlops?,  Muorelia (=
Pythony, and Montypythonoides, have been
reported (Malnar, 19910), In addition, we here
report Phystgnathus and Suleatidens gen. nov.
Six of these cight genera are represented in the
modern FKuuna. The extinction of Sufcatidens and
Monrvpyihonoides does not conform to this pat-
teen of general conscrvatism in the Australia
l¢ pidosaurs,

NOTED ADDED IN PRESS

Since the review work for (his paper was com-
pleted, 38 further agamid jaw fragments have
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been extracted from the Riversteigh matrix. The
specimens have been registered into the
Qucensland Muscum reference collection
(F15034-F18081). There are no taxa represented
in these fragments that differ from those alccady
identificd. All comparc well with the initial
sample. These specimens do not, therefore, alter
the conclusions already drawn.
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